The satellite RNA spccics from fivc isolates of tomato black ring virus (TBRV), belonging to two scrotypcs, and one isolate of myrobalan latent ringspot virus (MLRV) wcrc compared. Each was translated in wheat germ extracts to give a single prominent polypcptidc of tool. wt. 48000 (TBRV satellites) or 45000 (MLRV satcllitc). Analysis of the translation products by peptidc mapping, and of the satellite RNA molecules by oligonucleotide mapping, showed that thc MLRV satellite RNA was distinct from any of the others. The TBRV satellites had some similarities to each othcr but were of two types that differed in nucleotidc sequence and that were associated with TBRV helper isolates of the different serotypcs.
INTRODUCTION
Tomato black ring virus (TBRV) is a member of the ncpovirus group and thus has a bipartite RNA gcnomc. Some isolates, however, contain a satellite RNA of approx, tool. wt. 5 x 10 s (Mutant et al., 1973) , which has little or no sequence homology with the genome RNA (Robinson, 1982) . The satellite RNA is translated in vitro and in protoplasts to give a polypcptidc of approx, mol. wt. 48000 (Fritsch et al., 1978) . The translation products of thc satellite RNA molecules from two scrologically distantly related isolates of TBRV differ slightly in elcctrophorctic mobility; moreover, thcy yield different protcase digestion products and therefore differ in amino acid sequence (Fritsch et al., 1980) . A satellite RNA of similar size is associated with a second ncpovirus, myrobalan latent ringspot (MLRV) (Murant & Raschk6, 1981 ; Gallitclli et al., 198 I) which, although previously rcported to bc distantly related to TBRV (Dclbos et al., 1976; Duncz & Delbos, 1976) , is now considcrcd distinct (Mutant & Taylor, 1978; Murant & Raschk6, 1981 ; Gallitelli et al., 1981) .
In this paper wc compare the satellite RNA species from five TBRV isolates belonging to the two major serotypcs, and from an isolate of MLRV, by (i) analysing their translation products by pcptide mapping and (ii) studying the oligonuclcotidcs obtained by digesting the satellite RNA with ribonuclcasc TI.
METHODS
Virus isolates. The isolate of MLRV was the type isolate described by Delbos et al. (1976) .
The five isolates of TBRV were of two serotypes, 'German' and 'Scottish'. Those of the German serotype were:
TBRV-G, an isolate of the potato bouquet strain from Germany (Harrison, 1958; Murant et al., 1973) ; TBRV-E, an isolate from lettuce in Norfolk, England (Taylor & Murant, 1969; Fritsch et al., 1980) ; TBRV-C, an isolate from celery ('celery yellow vein virus') from Suffolk, England (Hollings, 1965) . Isolates of the Scottish serotype were: TBRV-S, the type culture of the beet ringspot strain (Harrison, 1958) ; TBRV-L, a new isolate from Lanarkshire, Scotland. Most TBR'q antisera differ by two or three doubling dilution steps in their titres to isolates of homologous and heterologous serotypes (Harrison, 1958; Taylor & Mutant, 1969) , which therefore form prominent spurs when placed in adjacent antigen wells in gel double-diffusion tests.
Viruspurifieation. The MLRV isolate was propagated in chenopodium quinoa and the TBRV isolates in Nicotiana clevelandii. All the viruses were purified by clarification with butanol and differential centrifugation, as described previously for TBRV by Fritsch et al. (1978) .
Extraction of RNA and separation of satellite RNA. Virus suspensions (about 1 mg/ml) were mixed with an equal volume of 0.02 M-Tris-HCI, 1 mM-EDTA, 4% SDS, pH 9, and heated at 60 °C for 20 min. The digest was then shaken with phenol + m-cresol + 8-hydroxyquinoline as described by Fritsch et al. (1978) and RNA recovered from the aqueous phase by ethanol precipitation.
To separate satellite RNA from genome RNA, the RNA precipitate was resuspended in 0-1 M-Tris-HC1, 0.1 MNaCI, 1 mM-EDTA, 0.1% SDS, pH 7.5, and centrifuged in 10 to 40% sucrose gradients containing the same buffer for 16 h at 21000 rev/min in a Beckman SW27.1 rotor at 20 °C. Satellite RNA was recovered from the gradients, precipitated from 70% ethanol, and stored dry in sealed ampoules.
Translation of satellite RNA in wheat germ extracts. Wheat germ extracts were made from commercial germ (General Mills Inc., Vallejo, Ca., U.S.A.) and used in reaction mixtures of 100 ~1 containing 5 lag RNA and 30 laCi [3sS]methionine (New England Nuclear) as described by Fritsch et al. (1980) . The reaction mixtures were kept at 30 °C for 2 h.
Analysis of translation products in polyacrylamide gels. Translation was stopped by adding 20 lal 0-125 M-EDTA containing 50 Ixg/m| ribonuclease A. After 30 min at 30 °C, SDS, 2-mercaptoethanol and glycerol were added to give concentrations of 3%, 2% and 14% respectively, and the mixtures were heated at 100 °C for 2 min. Polypeptides were separated by electrophoresis in 12% polyacrylamide gels in the discontinuous buffer system of Laemmli (1970) , located in dried gels by autoradiography and then cut out.
Partialproteolysis of translation products. The procedure was essentially as described by Cleveland et al. (1977) . Pieces of dried gel containing 3aS-labelled polypeptide were placed in sample wells in a 5% stacking gel, which were then filled with 10 lal solution at pH 6.8 containing 1 or 2 lag V8 protease from Staphylococcus aureus, 0-125 M-Tris-HCI, 1 mM-EDTA, 0-1% SDS and 20% glycerol. Electrophoresis (buffers as above) was interrupted for 1 h when the bromophenol tracking dye reached the bottom of the stacking gel and then continued into a 21% resolving gel. The peptides were located by autoradiography.
Preparation andlabelling ofoligonucleotides. The procedure was essentially as described by Pedersen & Haseltine (1980) . RNA (about 5 lag) was dissolved in 10 pl 0.05 M-Tris-HC1, pH 7.5, 0.01 M-MgC12 containing 1 unit of ribonuclease T3 (Calbiochem). The solution was kept at 37 °C for 2 h; alkaline phosphatase from calf intestine (Boehringer Mannheim) was then added to give 0.03 units enzyme/i.tg RNA, and the mixture was kept a further 30 min at 37 °C. The reaction was stopped by adding 1 pl 0.25 M-potassium phosphate, pH 9-5. After 25 min at 20 °C, dithiothreitol was added to give a concn, of 50 mM; 4-5 units 1", polynucleotide kinase (Boehringer Mannheim) and 50 laCi [~-32p]ATP (Amersham International; 2000 Ci/mmol) were then added and the mixture was kept at 37 °C for 2 h.
Mapping ofoligonucleotides. Labelled oligonucleotides were separated by two-dimensional electrophoresis as described by De Wachter & Fiers (1972) . The first dimension was in 8% polyacrylamide gels in 6 M-urea adjusted to pH 3.3 with citric acid, and the second was in 22% polyacrylamide gels in 50 mM-Tris-borate, pH 8.3, 1 mM-EDTA. Oligonucleotides were located by autoradiography with the aid of an intensifying screen.
RESULTS

Analysis of translation products
Satellite RNA species from all five TBRV isolates were effective messengers and, as shown previously for the TBRV-G and TBRV-S satellites (Fritsch et al., 1978 (Fritsch et al., , 1980 , were each translated in wheat germ extracts to give one prominent polypeptide of approx, tool. wt. 48 000 (Fig. 1) . However, the translation products of satellites from isolates G and E (Fig. la, b) consistently migrated slightly more slowly than those of the satellites from isolates C, S and L (Fig. 1 c, d, e) . The MLRV satellite RNA was also an effective messenger, and also yielded only one prominent polypeptide (Fig. 1 f) which migrated more quickly than any of the translation products of the TBRV satellite RNA species and was estimated to have an approx, tool. wt. of 45 000.
The 48 000 tool. wt. translation products were also compared by electrophoresing the peptides released from them by V8 protease (Fig. 2) : the satellites from isolates S and L (Fig. 2a, b) seemed almost identical to each other but differed obviously from the satellites from isolates C, G and E (Fig. 2c, d , e), which were, however, almost the same as each other. Thus, despite the apparent small difference in size (Fig. 1) , the TBRV-C satellite resembled those from the other German serotype isolates. The satellite RNA of MLRV (Fig. 2f) 
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isolate G (a), E (b), C (c), S (d) or L (e), or of MLRV (3").
Comparison of oligonucleotide maps As with the translation experiments, the oligonucleotide maps (Fig. 3) showed that satellite RNA from MLRV was completely different from any of the TBRV satellite R N A species. In contrast, the maps of the five TBRV satellite species displayed some similarities: all contained a group (marked A) of at least five spots [marked 2 to 6 in Fig. 3(a to e) ] migrating close to the xylene cyanol marker (arrowed), and a spot [1 in Fig. 3(a to e) ] among the array of streaks, probably caused by the polyadenylate sequence of the RNA. Similar regions in the oligonucleotide maps in Fig. 3 are marked with similar symbols. Thus, the regions marked (l-q) and (11) in the maps of the S and L satellites (Fig. 3a, b) are similar but differ from the regions marked (O), (O) and (~1) in the maps of the C, G and E satellites (Fig. 3c, d, e) . There are also similarities between regions in maps of C and E satellites (marked O, Q) and G and E satellites (marked, O, '~) (Fig. 3c, d, e) .
DISCUSSION
The results presented in this paper confirm and extend our previous evidence (Fritsch et al., 1980) that the satellite RNA species associated with TBRV-G and TBRV-S are not the same: not only do their translation products differ in amino acid composition but the RNA molecules themselves contain different sequences, as shown by oligonucleotide mapping. The maps have similarities, however, and this is consistent with recent evidence from cDNA hybridization studies (D. J. Robinson, personal communication) that there is about 2 5~ homology between the nucleotide sequences of these two satellite RNA species. The extension of our studies to satellites from three further isolates of TBRV has shown that, despite minor variations, all the satellites belong to one or other of the two types already found and that the type of satellite is correlated with the serotype of the helper TBRV. However, although this appears to suggest that satellites depend on the specific coat protein of their TBRV helpers, Murant & Raschk6 (1982) , in work with a laboratory-made pseudorecombinant isolate, found that satellite R N A of either type was packaged in either type of coat protein; satellite multiplication in fact depended on a function coded for by RNA-1 (see also Murant & Mayo, 1982) . In all properties examined, the MLRV satellite R N A was quite distinct from any of the five satellites from TBRV and this is perhaps not surprising because M L R V is now no longer considered to be serologically related to TBRV (Murant & Taylor, 1978; Mttrant & Raschk6, 1981 ; Gallitelli et al., 1981) , although they share membership of the nepovirus group.
That the two types of TBRV satellite show some degree of homology suggests they have evolved from the same origin. Moreover, their association with different serotypes of TBRV suggests that they arose from this origin before TBRV diverged into serotypes. This long evolutionary association implies that the polypeptide translation products found both in vitro and in vivo must have an essential function in the biology of the satellites.
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